Three Gram-stain negative, aerobic, non-motile, rod-shaped bacterial strains, Y1R2-4 T , Y3R2-3 and DC2N1-10 T , isolated from two crater lakes of the Daxinganling Mountains, northern China, were studied to determine their taxonomic position. They grew at 4-30 C (optimally at 20-25 C), at pH 6.0-7.5 (optimally at pH 7.0) and in the presence of 0-0.5 % (w/v) NaCl. On the basis of 16S rRNA gene sequence analysis, these strains showed 95.3-96.6 % similarity to members of the genus Pseudorhodobacter, including Pseudorhodobacter ferrugineus DSM 5888 T and Y3R2-3 were phosphatidylglycerol, phosphatidylcholine, one unidentified aminophospholipid, one unidentified aminolipid, three unidentified phospholipids and two unidentified lipids, and those for strain DC2N1-10 T were phosphatidylglycerol, phosphatidylcholine, one unidentified aminophospholipid, one unidentified aminolipid, one unidentified phospholipid and several unidentified lipids. The DNA G+C contents of strains Y1R2-4 T , Y3R2-3 and DC2N1-10 T were 61.9, 61.0 and 60.0 mol%, respectively. In addition, strain Y1R2-4 T shared less than 50 % DNA-DNA relatedness to strain DC2N1-10 T . Based on these differences in genetic, physiological and chemotaxonomic properties, strains Y1R2-4 T , Y3R2-3 and DC2N1-10 T were considered to represent two novel species of the genus Pseudorhodobacter, for which the names Pseudorhodobacter sinensis sp. nov. (type strain Y1R2-4
The genus Pseudorhodobacter, a member of the class Alphaproteobacteria, was originally proposed based on the reclassification of Agrobacterium ferrugineum (Uchino et al., 2002) . At the time of writing, the genus Pseudorhodobacter comprised four species with validly published names: Pseudorhodobacter antarcticus, Pseudorhodobacter aquimaris, Pseudorhodobacter ferrugineus and Pseudorhodobacter wandonensis (Chen et al., 2013; Jung et al., 2012; Uchino et al., 2002; Lee et al., 2013) , which were all isolated from marine environments. Members of the genus Pseudorhodobacter generally show nonphotosynthetic growth, lack bacteriochlorophyll a and have lower DNA G+C contents (58.0-60.9 mol%) than those of its phylogenetic neighbouring genus Rhodobacter (64.0-73.6 mol%). The predominant respiratory quinone is Q-10, and the main fatty acid is C 18 : 1 !7c.
During the course of a study focused on the bacterial biodiversity of crater lakes in the Daxing'anling Mountains of northern China, three novel bacterial strains, designated Y1R2-4 T , Y3R2-3 and DC2N1-10 T , were isolated from Yueliang Crater Lake and Dichi Crater Lake. Strains were isolated by a dilution plating procedure and cultivated on R2A agar medium (Difco) and in nutrient broth (Difco) at 15 C for 2 weeks. All single colonies were selected and further purified. Strains Y1R2-4 T and Y3R2-3 were isolated from water sample No.1 and sample No.3 of Yueliang Crater Lake, and strain T was from water sample No.2 of Dichi Crater Lake.
The genomic DNA of these three isolates was prepared by using the Genomic DNA Rapid Isolation Kit for bacterial cells (BioDev-Tech) following the manufacturer's instructions. The 16S rRNA gene sequences were amplified by PCR using universal primers 27F and 1492R (Lane, 1991) . The PCR products of the 16S rRNA gene were cloned using the pGEM-T easy vector and sequenced. The full-length 16S rRNA gene sequences were aligned via the EzTaxon-e server (Kim et al., 2012) to determine sequence similarities to the most closely related type strains. 16S rRNA gene sequences of related taxa were retrieved and aligned with Bioedit (Hall, 1999) . Phylogenetic analysis was performed by using MEGA5.0 and phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods, respectively (Figs 1 and S1, available in the online Supplementary Material). Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of Kimura's twoparameter model (Kimura, 1980 2216 (MA; Difco). The three new isolates were cultivated on PYG agar or in PYG broth (5.0 g Bacto peptone, 0.2 g yeast extract, 5.0 g glucose, 3.0 g beef extract, 0.5 g NaCl, 1.5 g MgSO 4 Á7H 2 O, 1000 ml sterile water, 15 g agar, pH 7.0) for most experiments.
Cell morphology and flagella of the new isolates were observed by using light microscopy and transmission electron microscopy (JEM1400; JEOL) (Fig. S2) . Gram staining was performed according to the procedure of Collins et al. (1989) . Motility was determined with the hanging-drop technique (Bernardet et al., 2002) . Anaerobic growth was tested on PYG agar at 25 C for 2 weeks using Oxoid's Atmosphere Generation System. Growth at different temperatures (4, 10, 15, 20, 25, 30 and 35 C) was determined on PYG agar and growth in the presence of NaCl (w/v, 0-5 %, at intervals of 0.5 %) was tested in PYG broth at 25 C. The pH range for growth was tested in PYG broth adjusted to pH 4.0-11.0 (at intervals of 0.5 pH units), using 100 mM acetate buffer (for pH 4.0-5.0), 100 mM phosphate buffer (pH 6.0-8.0) or 100 mM NaHCO 3 / Na 2 CO 3 buffer (pH9.0-10.0) (Breznak & Costilow, 2007) . In Table 1 . Differential characteristics between the novel isolates and closely related species of the genus Pseudorhodobacter Strains: 1, Y1R2-4 T ; 2, Y3R2-3; 3, DC2N1-10 T ; 4, P. ferrugineus JCM 20687 T ; 5, P. wandonensis KCTC 23672 T ; 6, P. antarcticus CGMCC 1.10836 T . All strains are positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), acid phosphatase, oxidization of melibiose, L-alanine, L-glutamic acid, pectin, L-lactic acid and L-malic acid, but negative for a-chymotrypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase, utilization of citrate, production of H 2 S and indole, urease, tryptophan deaminase, arginine dihydrolase, oxidization of stachyose, raffinose, N-acetyl-b-D-mannosamine, N-acetyl-D-galactosamine, N-acetyl neuraminic acid, 3-methyl glucose, gelatin, D-gluconic acid, D-glucuronic acid, mucic acid, quinic acid, D-saccharic acid and p-hydroxyphenylacetic acid. Data are all from this study except the DNA G+C contents of the reference strains. +, Positive; W, weakly positive; À, negative. Cystine arylamidase
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vivo pigment absorption spectrum analysis was conducted as described by Trüper & Pfennig (1981) (Fig. S3 ). Catalase and oxidase activity were determined by using 3 % (v/v) H 2 O 2 and Bactident Oxidase Strips (Merck), respectively. DNase activity was assessed on DNase test agar (Merck). Hydrolysis of Tween 20, Tween 60, Tween 80, starch, casein, aesculin, CM-cellulose and gelatin was tested according to Smibert & Krieg (1994) .
Other enzyme activities were assessed using the commercial systems API 20E, 20NE and ZYM (bioM erieux) following the manufacturer's instructions. Acid production from carbohydrates was tested by using API 50CH strips (bioM erieux). Oxidation of substrates was evaluated with the GN III MicroPlate system (Biolog). Comparisons of physiological and biochemical characteristics are given in Table 1 and the species description.
Spectroscopic experiments showed that the ultrasonic cell extracts of strains Y1R2-4 T and DC2N1-10 T did not have absorption maxima at 801 and 873-874 nm, which indicated the absence of bacteriochlorophyll a.
Respiratory quinones were extracted according to Collins (1985) and analysed by HPLC (Wu et al., 1989) . Polar lipids were extracted according to the procedure of Minnikin et al. (1984) and separated by two-dimensional TLC (plates coated with silica gel, 10Â10 cm; Merck). The separated spots were sprayed with 5 % ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol to determine total polar lipids, phospholipids, aminolipids and glycolipids, respectively.
For analysis of fatty acids, the three novel strains were grown on PYG agar at 25 C for 72 h. P. antarcticus CGMCC 1.10836 T , P. ferrugineus JCM 20687 T and P. wandonensis KCTC 23672 T , grown on PYG agar with 1 % (w/v) NaCl, were collected at the same exponential growth phase and used as reference strains. Fatty acid methyl esters were extracted and analysed following the standard procedure of the Microbial Identification System (MIDI 6.0; Agilent 6890) (Sasser, 1990) . Peaks were identified using the TSBA6.0 database.
Genomic DNA for DNA G+C content assessment was extracted and analysed by HPLC (Mesbah et al., 1989) , with DNA of Lambda phage (Sigma) (49.8 mol%) used as a reference. DNA-DNA hybridization experiments with strains Y1R2-4 T , Y3R2-3 and DC2N1-10 T were conducted using the thermal denaturation and renaturation method (De Ley et al., 1970) .
The DNA G+C content of strains Y1R2-4 T , Y3R2-3 and DC2N1-10 T was 61.9, 61.0 and 60.0 mol%, respectively, which were similar to values reported for members of the genus Pseudorhodobacter (Table 1 ). The level of DNA-DNA relatedness between strains Y1R2-4 T and Y3R2-3 was 90.7 ±8.0 %, indicating they are belong to the same species. Strain Y1R2-4 T shared 24.6±5.9 % DNA-DNA relatedness with strain DC2N1-10 T , less than the threshold value of 70 % recommended to discriminate species and suggesting that they represent two separate species in the genus Pseudorhodobacter (Stackebrandt & Goebel, 1994) . T from the reference strains, and the higher content of 11-methyl C 18 : 1 !7c differentiated strains Y1R2-4 T and Y3R2-3 from strain DC2N1-10 T (Table 2) .
Strains Y1R2-4 T , Y3R2-3 and DC2N1-10 T all contained Q-10 as the only unbiquinone. The main polar lipids present in strains Y1R2-4 T and Y3R2-3 were phosphatidylglycerol, phosphatidylcholine, one unidentified aminophospholipid, one unidentified aminolipid, three unidentified phospholipids and two unidentified lipids, while those present in strain DC2N1-10 T were phosphatidylglycerol, phosphatidylcholine, one unidentified aminophospholipid, one unidentified aminolipid, two unidentified phospholipids and several unidentified lipids (Fig. S4) .
Based on the present polyphasic taxonomic study, strains Y1R2-4 T , Y3R2-3 and DC2N1-10 T could be distinguished from closely related species of the genus Pseudorhodobacter. Strain DC2N1-10 T differed from strains Y1R2-4 T and Y3R2-3 by some chemotaxonomic and phenotypic features, such as hydrolysis of casein, activities of cystine arylamidase and b-galactosidase, composition of fatty acids and polar lipids. Therefore, we propoe that these three strains represent two novel species of the genus Pseudorhodobacter, with the names Pseudorhodobacter sinensis sp. nov. and Pseudorhodobacter aquaticus sp. nov.
Description of Pseudorhodobacter sinensis sp. nov.
Pseudorhodobacter sinensis (sin.en'sis. N.L. masc. adj. sinensis pertaining to China, referring to the geographical origin of the type strain).
Cells are Gram-stain-negative, strictly aerobic, non-motile and rod-shaped, 0.6-0.8 µm in width and 1.8-2.2 µm in length. Colonies are circular, smooth, opaque, cream-coloured and 2-3 mm in diameter after 72 h of growth at 25 C on PYG agar. Growth occurs at 4-30 C (optimally at 20-25 C), at pH 6.0-7.5 (optimally at pH 7.0) and in the presence of 0-0.5 % (w/v) NaCl (optimally in the absence of added NaCl). Catalase-and oxidase-positive. Nitrate is reduced to nitrite. Positive for assimilation of glucose. Does not produce H 2 S from cysteine or indole from tryptophan. Citrate is not utilized. Casein, Tween 20 and Tween 60 are hydrolysed, aesculin is weakly hydrolysed, but Tween 80, gelatin, starch and CM-cellulose are not. No DNase activity. Bacteriochlorophyll a is not produced. In the API ZYM system, cells are positive for alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase, weakly positive for b-glucosidase, but negative for lipase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. In the MicroPlate GNIII system, the type strain is positive for utilization of dextrin, maltose, trehalose, cellobiose, gentiobiose, sucrose, turanose, melibiose, methyl The predominant polar lipids are phosphatidylglycerol, phosphatidylcholine, one unidentified aminophospholipid, one unidentified aminolipid, three unidentified phospholipids and two unidentified lipids.
The type strain, Y1R2-4 T (=CGMCC 1.14435 T =KCTC 52039 T ), was isolated from Yueliang Crater Lake of Daxing'anling Mountains, northern China. The DNA G+C content of the type strain is 61.9 mol%. Y3R2-3 is a second strain of the species.
Description of Pseudorhodobacter aquaticus sp. nov.
Pseudorhodobacter aquaticus (a.qua'ti.cus. L. masc. adj. aquaticus growing or found in water).
Cells are Gram-stain-negative, strictly aerobic, non-motile and rod-shaped, 0.6-0.8 µm in width and 1.6-2.0 µm in length. Colonies are circular, smooth, opaque, cream-coloured and 2.0-2.5 mm in diameter after growth on PYG agar at 25 C for 72 h. Growth occurs at 4-30 C(optimally at 20-25 C), at pH 6.0-7.5 (optimally at pH 7.0) and with 0-0.5 % (w/v) NaCl (optimal growth without NaCl). Positive for catalase and oxidase activity. Nitrate is reduced to nitrite. Positive for b-galactosidase activity and Voges-Proskauer test. Negative for fermentation of glucose and utilization of citrate. Does not produce H 2 S or indole. Hydrolyses Tweens 20 and 60, weakly hydrolyses aesculin and starch, but does not hydrolyse casein, Tween 80, gelatin or CMcellulose. No DNase activity. Bacteriochlorophyll a is not produced. In the API ZYM system, enzyme activity is observed for alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and b-glucosidase, weakly for valine arylamidase and a-galactosidase, but not for lipase, trypsin, a- acid, L-malic acid, bromosuccinic acid, g-aminobutrytic acid, a-hydroxybutyric acid, acetoacetic acid, propionic acid, acetic acid and formic acid, but negative for the other substrates. The predominant ubiquinone is Q-10 and the major fatty acid is C 18 : 1 !7c. The polar lipids consist of phosphatidylglycerol, phosphatidylcholine, one unidentified aminophospholipid, one unidentified aminolipid, two unidentified phospholipids and several unidentified lipids.
The type strain, DC2N1-10 T (=CGMCC 1.14433 T =KCTC 52040 T ), was isolated from Dichi Crater Lake of Daxing'anling Mountains, northern China. The DNA G+C content of the type strain is 60.0 mol%.
